Localization of cyanobacterial photosystem II donor-side subunits by electron microscopy and the supramolecular organization ofphotosystem II in the thylakoid membrane.
A large set of electron microscopy projections of photosystem II (PSII) dimers isolated from the cyanobacterium Synechococcus elongatus was characterized by single particle image analysis. In addition to previously published maps at lower resolution [Boekema, E.J., Hankamer, B., Bald, D., Kruip, J., Nield, J., Boonstra, A.F., Barber, J. & Rögner, M. (1995) Proc. Natl Acad. Sci. USA 92, 175-179], the new side-view projections show densities of all three lumenal extrinsic proteins, i.e. the 33-kDa, 12-kDa and the cytochrome c-550 subunit encoded by psbO, psbU and psbV, respectively. Analysis of the size and shape of the top-view projections revealed a small number of photosystem II particles of about double the size of the usual dimers. Size and quantity of these 'double dimers' correlates with a small fraction of 1000-kDa particles found with HPLC-size-exclusion chromatographic analysis. Because many cyanobacteria contain dimeric photosystem II complexes arranged in rows within the membrane, the double dimers can be considered as the breakdown fragments of these rows. Their analysis enabled the detection of the arrangement of photosystem II within the rows, in which the dimers interact with other dimers mostly with their tips, leaving a rather open center at the interfaces of two dimers. The dimers have a repeating distance of only 11.7 nm. As a consequence, the phycobilisomes, located on top of PSII and functioning in light-harvesting, must be closely packed or almost touch each other, in a manner similar to a recently suggested model [Bald, D., Kruip, J. & Rögner, M. (1996) Photosynthesis Res. 49, 103-118].